Introduction
[2] The discovery of postperovskite [Murakami et al., 2004; Oganov and Ono, 2004] is undoubtedly one of the most significant breakthroughs in geophysics of recent years. Taking into account postperovskite presence when considering the lower mantle can contribute substantially to our understanding of the so far unclear nature of D 00 [Lay and Garnero, 2007] , its role in mantle convection [e.g., Matyska and Yuen, 2005; Nakagawa and Tackley, 2006] and its effect on the geodynamo [Glatzmaier et al., 1999] . Although several seismic observations seem to confirm the presence of this phase in the lowermost mantle [Sidorin et al., 1999; Wookey et al., 2005; Hutko et al., 2006] , no conclusive evidence is currently available to support its existence.
[3] From the point of view of mantle dynamics, postperovskite regions in the deep lower mantle could primarily affect mantle flow, especially if the mechanical properties of perovskite and postperovskite differ significantly. However, experimental determination of the viscosity of lower mantle is difficult and only indirect evidence is currently available for postperovskite. Recent measurements [Ohta et al., 2008] indicate that the electrical conductivity of postperovskite can be several orders of magnitude greater than that of perovskite. If we consider the analogy between the electrical conductivity and the viscosity of diffusion creep [Yamazaki and Karato, 2001] and also the fact that dislocation creep is the dominant deformation mechanism in postperovskite [Yamazaki et al., 2006] , i.e., that the viscosity of dislocation creep in perovskite is lower than the viscosity of diffusion creep, we can argue that the effective viscosity of postperovskite can be lower than that of perovskite under the same pressure conditions [Ito and Toriumi, 2007; A. Oganov, personal communication, 2008] . As the occurrence of postperovskite is only connected with the relatively cold area of the lowest mantle (see P-T diagram of Oganov and Ono [2004] ), in principle a paradoxical situation can occur where the viscosity in the lowest part of relatively cool subducted slabs is lower than the viscosity under the area of hot rising plumes. Such a distribution of viscosity variations in the deep mantle would likely influence the pattern of mantle flow and, consequently, some geophysical observables, namely the dynamic topography and the geoid. If this were the case, these observables could then be used to constrain the distribution of postperovskite in the core-mantle boundary region.
[4] The non-hydrostatic geoid has been used to study the viscosity of the mantle since the 1980s [e.g., Ricard et al., 1984; Hager and Clayton, 1989] . Although a significant portion of the geoid can be explained by radial (1D) viscosity models, the effect of lateral viscosity variations (LVV) on the geoid [e.g., Moucha et al., 2007] may be significant, especially if they are located in boundary layers [Č adek and Fleitout, 2003] . One of the problems in predicting the geoid in terms of 1D viscosity models is that the geoid anomalies associated with the circum-Pacific subduction are usually not equally well fitted on the both sides of the Pacific. The low amplitudes of the geoid in some regions of intense subduction (e.g. Cocos plate) may be associated with anomalous density of subducting slabs, but they may also indicate the presence of postperovskite in the deep mantle [Hutko et al., 2006] .
[5] By inverting the geoid, Č adek and Fleitout [2006] and Yuen et al. [2007] attempted to estimate the longwavelength pattern of LVV in D
00
. They found that areas of high viscosity are significantly correlated with the distribution of hot-spots, while viscosity minima are often located at paleosubduction sites. In particular, Č adek and Fleitout [2006] found a viscosity minimum beneath Central America where Hutko et al. [2006] detected a folded slab, presumably transformed to postperovskite in the lowermost mantle. Although the results of the above geoid inversions are very preliminary, the derived pattern of LVV lies within the framework of present discussions dealing with distribution of postperovskite in D 00 .
[6] The present work shows selected results of a detailed study on the sensitivity of the long-wavelength (' = 2-8) geoid to LVV in D 00 and aims at testing whether it is possible to employ gravitational data to reveal the presence of postperovskite in D 00 and map its distribution.
Method and Model
[7] The prediction of the dynamic geoid requires the solution of the Poisson equation for the gravity potential and the Stokes problem for viscous incompressible flow [e.g., Hager and Clayton, 1989] . The equations are solved in a spherical shell with free-slip boundaries assuming a constant gravity acceleration throughout the mantle. The numerical technique employed is based on a spectral finiteelement method, whose accuracy has been thoroughly tested [Tosi and Martinec, 2007] .
[8] We perform a parametric study for a slab model roughly corresponding to circum-Pacific subduction. We analyze the gravitational response of the spherical axisymmetric system schematically depicted in Figure 1 . We consider a simplified mantle model consisting of a 100 km thick lithosphere with a relative viscosity h Lith = 100, upper mantle (h UM = 1) and lower mantle (h LM = 50). Such values correspond approximately to the traditional ones determined from the inversion of the geoid assuming a radially dependent viscosity distribution and ensure the reproduction of the characteristic broad geoid maximum generally observed over subduction zones [King and Hager, 1994] . We define a lithospheric slab to sink into the mantle in the equatorial region, the thickness of which in the upper mantle is 100 km. Because of the viscosity increase, the slab thickens in the lower mantle by a factor of 3 [Ricard et al., 1993] . We assume for the slab a density anomaly dr Sl = 60 kg/m
3 . An area of width w PPv , formed by the postperovskite phase, is located inside the D 00 layer (lower 200 km of the mantle) at the bottom end of the slab. As the density increase associated with the transition from perovskite to postperovskite amounts about 1.5% [Oganov and Ono, 2004] , it is assumed that the postperovskite area is associated with a density anomaly dr PPv = 75 kg/m 3 . The viscosity of this area is denoted by h PPv and its center is located at the colatitude q PPv .
Results
[9] We first assume that the viscosity anomaly is symmetrically distributed on both sides of the slab, as depicted in Figure 1 (q PPv = 100°). The only parameters that are changed are the width of the anomaly w PPv and its viscosity h PPv . The long-wavelength geoid, calculated as a function of the colatitude q for various values of w PPv and the ratio h PPv / h LM , is depicted in Figure 2 (red lines). For comparison, the shape of the geoid calculated for two end-member models without LVV in D 00 is also shown. These two models differ from each other only in the viscosity of D
00
. In the first model, denoted as M Pv hereafter (solid black line), the D 00 is formed of perovskite alone and its viscosity is thus the same as the rest of the lower mantle. In contrast, model M PPv (dashed black line) assumes the global occurrence of postperovskite in the D 00 layer. Furthermore, the vicinity of the hot core can justify a low viscosity for this layer even in the absence of postperovskite. The solutions obtained for the radially symmetric models M Pv and M PPv differ considerably (cf. the opposite signs for the extreme values), indicating a great sensitivity of the geoid to the viscosity of the D 00 layer, as a geoid kernel analysis for the appropriate viscosity stratifications can easily show.
[10] The geoid calculated for the model with LVV differs from model M Pv already for a relatively small extent of the anomaly (w PPv = 1000 km). A marked reduction of the height of the peak of model M Pv and the emergence of an additional maximum, shifted to the right of the main peak, are particularly worth noting. As the lateral extent of the low-viscosity anomaly increases, the central peak is reduced, while the amplitude of the secondary maximum increases. For w PPv = 3000 km, the central peak reverts its sign and the additional maximum becomes the dominant feature, along with another smaller maximum that emerges on the left side of the slab. In this case, the shape of the geoid reflects that of model M PPv but its amplitudes are much smaller. While the width w PPv influences the geoid quite dramatically, its viscosity h PPv has a strong effect only when the anomaly has a very large extent (w PPv = 3000 km). For w PPv = 1000 km, reducing the viscosity h PPv by two orders of magnitudes has the effect of only reducing the geoid amplitudes by few meters.
[11] The reduction of the main geoid peak can be readily explained in terms of the dynamic topography and flow shown in Figure 3 . The presence of the weak PPv (middle and right panels) allows the slab to flow more easily thereby increasing the amplitude of the surface dynamic topography (solid lines) and reducing the amplitude of the dynamic 
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topography of the core-mantle boundary (dashed lines). The negative topographic anomaly due to the surface is enhanced, while the positive anomaly due to the core-mantle boundary is reduced, and, consequently, the geoid peak is lowered.
[12] Figure 4 illustrates the changes in the geoid as a function of the position of the postperovskite anomaly, characterized by the angle q PPv (see Figure 1) , for four combinations of w PPv and the ratio h PPv /h LM . In all the cases, the position of the slab in the mantle above D 00 is the same as in Figure 1 . The position of the postperovskite anomaly has a dramatic effect on the resulting geoid if it is located close to the lower end of the slab (cf. the blue and red curves corresponding to q PPv = 80°and 100°). By increasing the distance from the lower end of the slab (yellow and green curves), the effect of the anomaly decreases and the resulting gravitational signal approaches the geoid found for model M Pv without LVV (black curve).
[13] So far, we have assumed that the slab is associated with a strongly positive density anomaly, but with no changes in viscosity. However, for a thermally activated rheology, the cold subducted lithosphere is expected to be stiffer than its surroundings, at least in the upper mantle. In order to compare the effects on the geoid caused by a highly viscous slab with those due to the LVV in D
00
, we carried out a calculation (not shown here) for a slab that keeps the same viscosity of the lithosphere everywhere in the mantle, as in the models of Moresi and Gurnis [1996] and Zhong and Davies [1999] . In agreement with these two studies, we found that, differently from the LVV in D 00 , the LVV due to a highly viscous slab do not significantly influence the longwavelength geoid, no matter whether LVV in D 00 are present or not.
Conclusions
[14] Our study indicates that the long-wavelength geoid is highly sensitive to the presence of low-viscosity postperovskite areas in D
00
. The effect of a postperovskite lens on the geoid is important, especially if its viscosity is at least one order of magnitude lower than the viscosity of perovskite and if this region is sufficiently broad and located close to the bottom end of a slab. This result is encouraging from the perspective of determining the distribution of postperovskite in D 00 on the base of a slab model [Ricard et al., 1993; Steinberger, 2000] . In inverting the geoid, only long-wavelength LVV in the boundary layers can be considered, while short-wavelength viscosity anomalies related to slabs and requiring a higher resolution can be neglected as a first approximation. As geoid inversions always have a non-unique solution for more complicated parameterization [e.g., King, 1995] , the result of any inversion will critically depend on the accuracy of the a priori constraint of some parameters. Preliminary estimation of the postperovskite distribution in D 00 obtained from seismic analysis [van der Hilst et al., 2007] could substantially reduce the number of free parameters considered and contribute to the success of the inversion. TOSI ET AL.: LONG-WAVELENGTH GEOID AND POSTPEROVSKITE L05303
